Real-Time, In Vivo Quantification of Melanocytes by Near-Infrared Reflectance Confocal Microscopy in the Guinea Pig Animal Model  by Wang, Lawrence T. et al.
role for the development and maintaining of amyloid deposit in AD
brain. The function of apoE in epidermis is unknown, but it is
naturally secreted by keratinocytes (Fenjves et al, 1989; Gordon et
al, 1989). Our result indicates that apoE4 molecule synthesized by
epidermal keratinocytes is strongly related to the pathogenesis of
cutaneous amyloidosis, especially formation of amyloid ®brils.
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Real-Time, In Vivo Quanti®cation of Melanocytes by Near-
Infrared Re¯ectance Confocal Microscopy in the Guinea Pig
Animal Model
To the Editor:
Guinea pigs are widely used animal models in studying photo-
dermatology research (Imokawa et al, 1986; Horio et al, 1991). The
skin of pigmented guinea pigs contains both active interfollicular
melanocytes and active follicular melanocytes. To investigate
melanocyte biology, it is important to quantitate melanocytes and
their characteristics. Previous studies on melanocytes in guinea pigs
have utilized the 3,4-dioxyphenyalanine (DOPA) reaction in
biopsied tissues that permanently changes the native tissue
(Bischitz and Snell, 1959; Wolff and Winkelmann, 1967).
Advances in re¯ectance confocal microscopy (RCM) have
resulted in the development of real-time near-infrared confocal
scanning laser microscopes that produce real-time high resolution
optical sections of human or animal skin in its native state in vivo
(Rajadhyaksha et al, 1999). Optical re¯ectance imaging is based on
the natural variations in refractive indices of tissue microstructures,
and it has been shown that melanin is the best endogenous contrast
source for RCM (Rajadhyaksha et al, 1995). Thus, RCM does not
require any exogenous contrast agents.
Re¯ectance laser scanning confocal microscopy is an optical
imaging technique that tightly focuses a laser beam on a speci®c
spot within a turbid object (Wilson, 1990; Pawley, 1995; Webb,
1996). The focused laser spot is then scanned in two dimensions to
yield images of horizontal or en-face optical sections that are
parallel to the skin surface. Back-scattered (re-emitted) light from
the illuminated point is detected through a small spatial ®lter
(pinhole) that is located in an optically conjugate plane in front of
the detector. The pinhole diameter is matched to the illuminated
spot diameter through the intermediate optics. The pinhole thus
rejects back-scattered light from out-of-focus planes, which allow
high-resolution, high-contrast images. Unlike conventional histol-
ogy, RCM allows imaging of thin sections with high resolution and
contrast entirely noninvasively (without the need of excisional
biopsies, processing, section, and staining the tissue). During the last
decade, real-time RCM has imaged human and animal skin in vivo
(New et al, 1991; Corcuff et al, 1993). Imaging is obtained at video-
rate (30 frames per second), allowing high temporal resolution
(33 ms per frame) for visualizing dynamic processes, such as the
time sequence of histologic events during an eczematous reaction
(e.g., spongiosis with microvesicle formation and dermal vasodila-
tion) (Gonzalez et al, 1999a), and those occurring after laser
treatment of vascular lesions (Gonzalez et al, 1999b; Agashi et al,
2000). In this correspondence, we report on the noninvasive,
quantitative evaluation of guinea pig melanocytes by in vivo, near-
infrared RCM. This methodology makes possible the real-time
analysis of melanocytes in vivo.
Outbred pigmented guinea pigs were selected for this study. The
skin of the concave surface of the outer ear and back were
examined in real-time by a commercially available confocal
re¯ectance microscope (Vivascope, Lucid, Henrietta, NY) that
uses an 830 nm diode laser and a 3 30, 0.9 numerical aperture
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water immersion lens. After examination by RCM, skin specimens
from the back and ear were obtained by 4 mm punch biopsies.
Skin-splitting was done by previously reported methods (Staricco
and Pinkus, 1957). Epidermal sheets were stained with either
DOPA or Fontana±Masson and examined with 3 40 and 3 100
objective lens. In RCM images, melanocytes were counted in nine
adjacent ®elds of view measuring 250 mm 3 187 mm for a total
area of 0.421 mm2. In DOPA images, melanocytes were counted
in six adjacent ®elds of view measuring 300 mm 3 225 mm for a
total area of 0.405 mm2. The number of cells counted ranged from
Figure 1. Comparison of images from the
back. Images of melanocytes are shown. Left
panels, RCM; middle panels, DOPA staining; right
panels, Fontana±Masson staining. Scale bar: top
panels, 50 mm; bottom panels, 20 mm.
Table I. Summary of melanocyte counts and features in the ear and backa








DOPA 702 201 6 26.3 81.4 6 18.4 26.1 6 6.0 3.7 6 0.80
RCM ± 173 6 29.9 84.5 6 12.3 29.4 6 8.9 4.0 6 0.62
aFour guinea pigs participated in this study. In each guinea pig, melanocytes were counted in two sites on the back by RCM and DOPA images. On the concave surface
of the outer ear, one site from one animal was studied. Melanocyte features were assessed in 24 melanocytes from the back. Data from the back represent mean 6 SD.
Figure 2. Comparison of images from the
ear. Images of melanocytes are shown. Left panels,
RCM; middle panels, DOPA staining; right panels,
Fontana±Masson staining. Scale bar: top panels,
50 mm; bottom panels, 20 mm.
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50 to 90. The melanocyte density was expressed as the average
number of melanocytes per mm2.
Quantitative studies on melanocytes have been done in both
humans and animals using the DOPA reaction (Szabo, 1954;
Breathnach, 1957; Staricco and Pinkus, 1957). We report on the
direct in vivo examination of melanocytes. In vivo examination
avoids potential artifacts introduced by biopsy, the removal of the
dermis from the epidermis, and staining with DOPA or Fontana±
Masson. In vivo examination also avoids potential artifact induced
by ®xation with the associated shrinkage of cells and tissue.
Melanocytes in the wing and interfemoral membranes of the bat
and in the ear of the mouse have been examined in vivo by
transmitted light (McGuire, 1966; Snell et al, 1966). RCM may be
used to investigate melanocytes on any body part in any animal.
Melanin provided strong contrast in RCM images. Therefore,
pigmented cells appeared bright. For the purpose of comparison,
re¯ectance confocal images were inverted to print a ``negative.''
Fig 1 shows images from RCM, DOPA, and Fontana±Masson
staining from the back.
We compared our results from re¯ectance confocal images with
conventional DOPA staining. The data are summarized in Table I.
Melanocyte characteristics such as cell body area, number of
dendrites, and length of longest dendrite were measured in RCM
and DOPA images using an image processing and analysis program.
Melanocyte characteristics exhibited a large SD, re¯ecting inherent
variation. This was consistent with previously reported data
(Bischitz and Snell, 1959). Using Student's t test, there was no
statistically signi®cant difference between melanocyte features from
RCM and DOPA images.
On the back, melanocyte counts by RCM images were
consistently lower than by DOPA images. Our criteria for counting
a melanocyte required visualization of a cell body and at least one
dendrite. At times, we identi®ed structures that were likely
dendrites in RCM, but were unable to visualize the associated
cell body. Therefore, RCM melanocyte counts were underesti-
mates.
In the ear, only scattered melanocytes were visualized on RCM
images. Figure 2 shows RCM, DOPA, and Fontana±Masson
images from the ear. It was not possible to assess melanocyte density
in RCM images of the ear. From inspection of the Fontana±
Masson images, there are more melanin granules in ear keratino-
cytes than back keratinocytes. We hypothesized that melanin
granules are more ef®ciently transferred to keratinocytes in the ear
compared with the back. Therefore, melanocytes were not well
demarcated in the ear. We assessed the melanin content of RCM
images by examining the distribution of gray values using image
analysis. RCM images of the ear had higher gray values compared
with images from the back. These data suggested that keratinocytes
from the ear contained more melanin than those from the back.
DOPA images of the ear showed that melanocyte cell counts were
about three times greater than on the back, consistent with
previously reported data (Bischitz and Snell, 1959; Wolff and
Winkelman, 1967).
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Exclusion of Candidate Genes and Loci for Multiple
Lentigines Syndrome
To the Editor: Multiple lentigines syndrome (MLS) is an autosomal dominant
disorder of variable penetrance and expressivity. MLS is associated
with generalized skin and mucosal pigmentation abnormalities called
lentigines (Arnsmeier and Paller, 1996; Uhle and Norvell, 1988).
Lentigines manifest histologically as a hyperproliferation of melano-
cytes along the dermal±epidermal junction. MLS has also appeared
with other noncutaneous manifestations, mainly cardiac, auditory,
and developmental abnormalities. It is thought to be a variant of the
autosomal dominant LEOPARD syndrome (MIM151100)
(Arnsmeier and Paller, 1996), which includes Lentigines, ECG
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